Lessons from the Ashes:
Improving Transportation Safety Through
Accident Investigation

2019 Westmlnster Lecture on Transport Safety : 4
Robert Sumwalt, FRAeS . 4 ~ e

December 4, 2019 ) b Y o
- ~ N o
peeS—_— & . s % :
. - . - = . il - . .







THIS DEADLY LIMO CRASH
NING

20 KILLED IN ACCIDENT IN UPSTATE NY







RO |

bosy

“
 OF




NTSB Response Operations Center

—

Oq :3 fu f_: l! '03 :e Ny




7 INTSB



99 feet 174 feet

i
Upper pylon T

Back span ~ B /

North pier

Main span

South pier

(EndbentS) > e - | (Endbentl)

. - -

| M“Vh..
'" _,..__...._.,..- P f;;..,. @; =

SW 8th Street (US 41)

Miami, Florida. March 15, 2018
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Facing East
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Southwest Airlines 1380
April 1.7, 2018
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Fan Case

Fan Blade
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Fan Blade Hardware a4

Fracture location

Source: CFM
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Concave side




Trajectory angle
15° to 30°

7 INTSB

-



2 |NT



fancowl

df

o

'NTSB

; ? :
'.. ':r » .. " .

i

A Tl
inboar

'm 1
|
e N,
=
o
(]

ﬂ.
@
5

.w.







l’ —_— -
Ce—— —_— — -
—— — o “
-

- - — —

¢ National lransportation Satety Board (N1SB) determines that the probable cause of this
ccident was a low- cycle fatigue crack in the dovetail of fan blade No. 13, which resulted 1n the
fan blade separating in flight and impacting the engine fan case at a location that was critical to
he structural integrity and performance of the fan cowl structure. This impact led to the in-flight

separation of fan cowl components, including the inboard fan cowl aft latch keeper, which struck
he fuselage near a cabin window and caused the window to depart from the airplane, the cabin to
ap1dly depressurize, and the passenger fatality.
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Crash Overview

Sunday, March 18, 2018

9:58 p.m.

Tempe, Arizona

North Mill Avenue

Automated test vehicle

Night, dry, illuminated roadway
1 fatality, pedestrian




Crash Overview




Test Vehicle: ADS Sensors

Systems

B Lidar
I Camera

[ Forward < Side and rear
w Radar

1 Forward <> Side and rear
w ADS computing and data storage
W Telecommunication (GPS)

Source: Adapted from Uber ATG
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= Crash Sequence

43.2 MPH
1.2 s to impact

@qure Earth



Perception and Motion During the Crash
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Perceptlon and Motlon Dunng the Crash

_ r ime to crash: 2.6 seconds
b Classification:  Bicycle

Predicted path: Static
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Perceptlon and Motlon Durlng the Crash

”?,. i F (T ’- e ; Time to crash: 1.5 seconds
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Perceptlon and Motlon Durlng the Crash

® Time to crash: 1.2 seconds
Classification: Bicycle

& " Predicted path: Fully on path

of the vehicle
Braking suppression begins
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Perceptlon and Motlon Durlng the Crash

Time to crash: 0.2 seconds

: s P "v Classification:  Bicycle
P “‘r' <

2 ; Predicted path: Fully on path
of the vehicle
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on and Motion During the Crash
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o ‘5‘” - Vehicle operator initiated
-y f steering 20 msec before impact
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The National Transportation Safety Board determines that the probable cause of the crash

in Tempe, Arizona, was the failure of the vehicle operator to monitor the driving environment and
he operation of the automated driving system because she was visually distracted throughout the
rip by her personal cell phone. Contributing to the crash were the Uber Advanced Technologies
roup’s (1) madequate safety risk assessment procedures, (2) meffective oversight of vehicle
operators, and (3) lack of adequate mechanisms for addressing operators’ automation
complacency—all a consequence of its inadequate safety culture. Further factors contributing to
he crash were (1) the impaired pedestrian’s crossing of N. Mill Avenue outside a crosswalk, and
2) the Arizona Department of Transportation’s insufficient oversight of automated vehicle testing.
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Countermeasures

* \/ehicle-based

o |nfrastructure planning for
pedestrian safety

* |[mproved pedestrian safety data
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Vehicle-based countermeasures

performar LC

» Collision avoidance




Infrastructure planning for pedestrian safety

. L =y ‘- T ) ' e [
» Pedestrian safety action plans

L

EXpanding local Site-Speciiic planning




Improved pedestrian safety data

» Pedestrian exposure data

» Crash data for system
development and research

* Improved aggregated event
data
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